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® UgMnlng errester. 

® A lightning arrester for discharging electricity 
from an electrode (22) In a container (20) of the 
ground vottage level filled with electric inaulatton 
fluid when an excessive voltage la imposed on the 
electrode. The arrester (28) has characteristic ele- 
ments (^) for selectively discharging electricity and 

a an insulation tut)e (30) for enclosing the charactsris- 
tlc elements. The insulation tut)e is so arranged as 
^ that part of the characteristic elements are Inserted 
^ in the container and some of them project out The 
^characteristic elements are connected to the elec* 
_ trode In the container, and selectively connected and 
disconnected to the ground. 
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UQHTNINQ ARRESTER 



Background of the Invention 

Raid of tha Invention 

This invention relates to e t^htnlng arrester for 
discharging eiectridty when an excessive voHage is 
Imposed on an electrode in a container tilidd with 
Insulation fluid. 



Description of the Prior Art 

"Gapless type" lightning an^sters utilizing 
characteristic etements of zinc oxide are generally 
used for cubicle gas-insulated switching devices, 
as shown bi Japanese Pstem Put>ncation (KoMcu) 
No. 56-11720 and Japanese Patent Disclosure 
(KolcaO Na 59-138089. An end of a series of chai^ 
aclarlstie elements is connected to an electrode in 
a gas filled cubicle or a container, and the other 
end Is connected to ground voltage level. When the 
electrode voltage is lower than a threshold value, 
the electric resistance In the characteristic ele- 
ments is.inflnity. If the electrode voltage rises higt^ 
er than the thrsshoid value due to lightning, the 
electric resistance decreases abniptly, and elec- 
tricity discharges bi the c har acte ris tic efements. 
protectbig other devices connected to the elec- 
trode. 

After on-site installation of a cubicle gas-in- 
sulated switching device has been completed, a 
withstand-voHags test Is carried out In accordance 
with the technical standotis for electrical installa- 
tions. At this time, if the wHhstand-voltage is in- 
advertently applied to the arrester during the test, 
there Is a possibility of the fife of the characteristic 
elements being shortened or of insulation breaic- 
<town occurring. Therefore, the arrester should be 
isolated from the main circuit befbre the withstand- 
voltage test is canied out. and should be con- 
nected again after the test is completed. 

The arresters disclosed In the above-men- 
tioned references have the following problems. 
First, since the characteristic elements and an in- 
suiaflon tube containing the characteristic elements 
are all enclosed in the cubfcie. the cubicle has to 
be large In height Secondly, since there are sliding 
parts in the cubicle for connection and disconneo- 
tton of the arrester to the main circuit complicated 
structure Is required for sealing the InsulaGon gas. 

fhirdiy, it Is difficult to chedc the performance 
of the an^ster itself or to replace the arrester, 
because the insulation gas would leak out If the 
arrester is taken off the cubicle. 



Japanese Patent Disck)surB (ICokai) No. 59- 
40480 discloses an arrester with characteristic ele- 
ments enwged and connected in a triangular posi- 
tion. The cubicle can be designed shorter using 
s this an^ster. However, the total volume of the ar^ 
raster is the same. The construction is more com* 
plicated, and the above noted (MDblems are stUI not 
solved. 

10 

Summary of the invention 

An o^ect of the invention is to provide an 
arrester which utillzBs a small container fbr endos- 
15 log an electrode and insulation gas. 

Another further object of the invention is to 
provide an amestar which is easy to be replaced, 
and which is easy to be tested. 

According to the Invention, there Is provided an 
20 arrester for discharging electricity from an elec- 
trode in a container filled with electric Insulation 
fiuld when an excessive voltage Is Imposed on the 
electrode, the arrester comprising: a characterislic 
member for discharging electricity only when a 
as voHage higher than a predetennlned value is im- 
posed; an insulation tube made of electrically in- 
sulaling material fbr endoslrig the characteristic 
member, the tube so anrangad that a first part of 
the characteristic member Is insvted In the con- 
so talner and a second part of the characteristic mem- 
ber protects outside of the container; means fbr 
electrically connecting the first part of tha char- 
Bcterisfic member contained within the container to 
the electrode; and means posltkmed entirely out- 
S5 sUe of the container for selectively electrically con- 
necting and disconnecting the second part of the 
characteristic member located outside of the con- 
tainer with a ground voltage level. 

Further ol^ects. features and. advantages of the 
40 present Invenfion wfll become apparent frem the 
detailed description of the preferred embodiments 
that follow, when considered with the attached 
drawings. 

45 

Brief Description of the Drawinos 

The accompanying drawings, which are incor- 
porated in and constitute a part of this spedflca- 
60 tion, illustrate preferred embodiments of the Inven- 
tion and. together with the description, serve to 
explain the prindptos of the Invention. In the draw- 
ings: 
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Rqs. 1 and 2 are partially cross-sactlonal 
vlawa of ttie lightning ariBstar of the first embodl- 
mem of this invention mounted on a containen Hg. 
1 fa a view when tha ground conductor is oon- 
neded, and Fig. 2 Is a view when it is discon- 
nected; 

Figs. 3 and 4 are characteristic plots show- 
ing voltage apportionment ratios of the first em* 
bodlment; Rg. 3 show ratios when the ground 
conductor Is connected, and Rg. 4 shows ratios 
when It Is disconnected: 

Bgs. 5 and 6 are partially crose-eedlonal 
views of the lightning anester of the second em- 
l3odlment of this Invention mounted on a container; 
Fig. 5 Is a view when the ild Is closed and the 
ground oonnector la connected id the ground, and 
Fig. 6 Is a view when they are removed; 

Rgs. 7 and 8 are characteristic plots show- 
ing voltage apporHonment ratios of the second em- 
bodiment; F^. 7 shows ratios when the ground 
connector is connected, and Fig. 8 shows ratios 
when it is disconnected; 

Rg. 9 is a partially croaMedional view of 
the lightning arrester of the third embodiment of 
thia invention mounted on a container; 

Rg. 10 Is a characteristic plot showing volt- 
age apportionment ratios of ttte tiiird embodiment; 
and 

Rg. 11 is an equivalent circuit diagram of 
tt^e an-ester when the ground electrode is con- 
nected to the ground. 



Detailed Description of the Piefarred Embodiment 

A first embodiment of the invention of the ar> 
rester is shown in Rgs. 1 and 2. A container 20 is 
made of electrically conductive metal, and is main- 
tained at ground voltage level. The container 20 
encloses an electrode 22 which is connected to a 
cable head 24. Hie cable head 24 penetrates the 
container 20, and comprises an slectrical wire and 
a sunrounding Insulator for insulating the wire from 
the container 20. The container 20 is filled witt) 
insulation gas 26 such as SFb. 

An anresler 28 Is mounted on the container 20. 
The arrester 20 has a cylindrical insulation tube 30 
made of electrically Insulating material. 

The insulation tube 30 has a flange 32 on its 
side. The anrester 28 is inserted about halfway in 
the container 20, and, fbced to tfie container 20 witii 
tiie flange 32. The flange 32 has a sealing ring 34 
which seals ttie insulation gas 26 in the container 
20. 



A plurality of characteristic elements 38 are 
stacked inaide ttie Inauiation tube 30. As seen from 
Rgs. 1 and 2, part of the characteristic elements 38 
are arranged in ttie container 20. and part are 
5 arranged outside of ttie container 20. 

The characteristic elements 38 are made of 
material such as zinc oxide, which is electrically 
insulating In normal conditions, but which is con- 
ductive when a voltage higher tiw a ttireshoid 
10 value is applied. 

A ground electrode 40 Is Integrally molded at 
the outside end of ttie Insulation tube 30. The 
ground electrode 40 Is In contact wttti the char- 
acteristic elements 38, and is exposed to tiie at- 
T6 mosphere. 

The ground electrode 40 has a ground conduc- 
tor coupling unit 42 which is removably connected 
to a ground conductor 44 which la Ibced at ground 
potential. 

so The Insulation tube 30 Is provided wtth an 
Insuletion sidrt 46 which surrounds and extends 
beyond ttie side of ttie ground electrode 40 cover- 
ing part of the ground conductor 44. 

An electrically conductive cap 48 is fixed at the 

28 Inner end of ttie insulation tube 30. The cap 48 Is 
In contact wHh ttie electrode 22 In ttie Insulation 
gas 26. An electrically conductive spring 50 is 
Inserted between ttie cap 48 and the characteristic 
elements 38. The spring 50 electrically connects 

30 ttie cap 48 and ttie characteristfc elements 38, and 
biases ttie characteristic elements 38 against ttie 
ground electrode 40 ttius insuring electrical contact 
between ttie ch a racteri s ti c elements 38 and ttie 
ground electrode 40. 

36 The insulation tube 30 Is filled wtth gas such as 
nitrogen for insulation and for conosion prevention. 

When a voltage-wWistanding test Is done, ttie 
ground conductor 44 is removed as shown In Bg. 
2. 

40 According to ttiis embodiment, about half of ttie 
insulation tube 30 prelects outside the container 20. 
Consequentty. some of tiie characteristic elements 
38 in ttie insulation tube 30 are positioned outside 
ttie container 20. The height of ttie container 20 Is, 

48 ttierefbre. greatty reduced in comparison wfth de- 
vices in which all of ttie Insulation tube 30 is 
positioned in ttie container 20. 

The voltage apportionment ratio characteristic 
is shown in Figs. 3 and 4. Height or distance is 

60 taken along ttie horizontal axis and ttie voltage 
apportionment ratio is talcen along ttie vertical axis. 

As shown In Rg. 2, Hi denotes ttie distance of 
ttie electrode 22 from ttie wall of ttie contriner 20. 
Hb ttie distance of ttie outer end of ttie characteris- 

66 tic elements 38 from ttie wall of ttie container 20, 
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H), the distance between the outer end of the 
characterfsdc etements 38 and the tip of the skfrt 
46. and H4, the length of the sMrt 46 which extends 
beyond the end of ground electrode 40. 

Fig. 3 shows voltage apportionment ratios 
when the arrester 28 Is tn operation or the ground 
conductor 44 is connected as shown In Rg. 1. 

The voltage between the electrode 22 and the 
container 20 is apportioned linearly in the distance 
of Hi in the Insulafion gas 26 as shown by Dne A in 
Fig. 3. 

The same voltage Is apportioned In the dis- 
tance of Hi and H2 linearly In the characteristic 
elementa 38 as shovm by One B In Fig. a 

The heights of the cap 4B''and the spring 50 
and the thicicness of the w^ of the container 20 
are neglected here. 

TTte line B Is linear, because, at modoate 
voltage (below 36 1^, the number of diaracteristic 
elements 38 in series is small, so the electrostatic 
sef^capacHance per characteristic, element 38 is 
much larger than the stray electrostatic capacitance 
of characteristic elements 38 with respect to 
ground. Therefbie* the voltage apportionment ratio 
of the chaiBCtarisfic elemsnts 38 f n tfia asdal direc- 
tion is detarmlned by the seff^apadtance of the 
characteristic elements 3a Consequently, even 
though same of the characteristic elements 38 pro- 
ject outside the container 20. this has no effect on 
the life span of the characteristic elements 38. 

Rg. 4 shows me voltage apportionment in air 
when the ground conductor Is Isolated as shown in 
Rg. 2. In this case, the ground electrode 40 attains 
the same voltage as the eiec^e 22. Conset^ent- 
ty. the voltage of the electrode 22 Is apportioned 
linearly by H2 + ^* + H*in air. The length Hi * ^ 
^ H4 may be understood in considering a di- 
scharge path from the end of ground electrode 40 
(having the same voltage as electrode 22) around 
the sidrt 48 and to the container 20 as shown by 
dotted One 0. In this case, itia insulation skirt 46 
provides a idnd of banier effect so the required 
withstamHroHage characteristic Is obtained even in 
air. 

In utilizing the first embodiment of ttte arrester 
described above, the following benefits are ot>- 
tained. 

(1) Since the height of the container 20 can 
be effectively reduced, a balance can be kept with 
the dimensions of the other equipment for Instance 
the cable head 24. 

(2) In tests of voltage-withstanding ablOty. ft 
is sufficient Just to remove the ground conductor 44 
which may be done from outside the container 20. 
For this purpose, a disconnecting switch, such as 
shown in the above referenced Japanese Patent 
Pubtfeation (Kokoku) No. 58-11728 and Japanese 
Patent Disctosure OMai) No. 50-138089, for isolal- 



Ing the operafing rod or movable eiectnode la com- 
pletely unnecessary. Consequently, the disconnec- 
tion operation is easy, so tlie constmctton is greatly 
simplified, and reliability with respect to insulatkm 

5 gas leakage is greatly Improved. 

A second emticdiment Is described below in 
reference to Rgs. 5 and 6. The parts in common 
with the first embodiment are denoted by the same 
numerals and most of their descriptions are omi^ 

10 ted. 

An anoster 100 Is mounted on tf» container 20 
which Is filled with insulation gas 26. The arrester 
100 has a cyOndrical outer Inaulation tube 102 
made of electrically insulating material. The outer 
rs insulation tube 102 has a flange 104 on Its side, 
end the an^stsr 100 is fixed about halfway in the 
container 20 with tfte fiange 104. The flange 104 
has a sealing ring 34 which seals the Insulation gas 
26. 

20 An inner insulation tube 106 is accommodated 
in the outw insulation tube 102. and the char- 
actartstlc elements 38 are stacked Inside the inner 
InsubtkNi tube 106. Part of ttie characteristic ele- 
menta 38 are arranged In the container 20. and part 

88 are arranged QutsUe Of the container 20. 

The outer end of the outer Insulation tube 102 
has a removable fid 106 made of insulation ma- 
terial TTie IM 108 Is provided with a ground elec- 
trode 110 penetrating the Od 108. The ground elec- 

30 trode 110 Is connected to ground. 

An electrode 112 Is provided at the Inner end 
of the outer Insulation tube 102. The electrode 112 
Is electrically connected to the cable head 24 with 
an electric conductor 114 in the container 20. The 

3s inner insulatkm tube 106 has upper oo n t a cter 116b 
at its upper end and kywer contactor 116b at its 
lower end whkA are In contact with the ends of the 
series of the characteristic elements 3a 

An electric conductive spring 118 is Inserted 

40 between the lid 1O8 and tfie inner Insulation tube 
106, which secures good contacts, between the 
electrode 112 and the upper contactor Ilea, and 
between the ground eiedrode 110 and the lower 
contactor 116b. 

45 When a voltage-withstanding test Is done, the 
M 108 with the ground electrode 110, the spring 
118, and the characteristic elemento 38 contained 
In the Inner insidation tube 106 m taken out as 
shown In Rg. 6. 

60 The voltage apportionment ratio characteristic 
of this emtxxllment Is shown in Figs. 7 and 8 which 
are similar to Rgs. 3 and 4. As shown In Rg. 5. Ffc 
denotes the distance of the electrode 112 from the 
wall of the container 20, and Hb denotes the die* 

05 tance of the Ud 108 from the wall of the container 
20. As Shown In Rg. 6. H7 denotes the distance of 
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the outer end of the outer insulation tube 102 from 
the wall of the oontalner 20, and Hi denotes the 
diatanee.of the electrode 112 from the outer end of 
the outer Insulation tuba 102. 

Rg. 7 shows voHage apportionment ratio when 
the arrester 100 Is In operation as shown in Rg. 5. 
The voHags tietween the electrode 112 and the 
container a) is apportioned linearly in the distance 
of Hs in the insulation gas 26 as shown by line A in 
Rg. 7. The same voltage is apportioned in the 
distance of Hs + Hs Dneariy in the characterlstfc 
elements 38 as shown by Une B In Rg. 7. The 
he^ht of the spring 118 and the thidoiees of the 
waD of the container 20 are neglected here. 

Rg.'8 shows the voltage apportionment in air 
when the ground electrode 110 and the character- 
istic elements 38 are removed as shown in Rg. 6. 
In this case, the electrode 112 Is exposed to at- 
mosphere, and the voltage of the electrode 112 is 
apportioned Hnearty by Hr -t- H9 in the air. 

The benefits (1) and (2) of the first embodiment 
described above are obtained by the second em- 
bodiment alsa FuthemKve. checking the charader- 
isUcs of the characteristic elements 38 or replace- 
ment of them can be easily achieved by opening 
the Bd 108 and taking out the characteristic ele- 
menta 38 In the inner insulation tube 108. without 
any concern about the escape of the inautatlon gas 
26 in the-contalnar 20. 

A thinj embodiment Is described below refer- 
ring to Rg. 8. The parts In common with the first 
and second embodiments are denoted by the 
same numerals, and most of their descriptions are 
omitted. 

An arrester 200 is mounted on the container 20 
which is tilled with insulafion gas 26. The arrester 
200 has a cyOndrtcai Insulation tube 202 made of 
electrically insulating material. The Insulation tube 
202 has a flange 204 on Its side, and the arrester 
200 is inserted about halfway in ttia container 20 
and fixed to ttie container 20 with the flange 204. 

The characteristic elements 38 are stacked In- 
side the insulation tube 202. Part of the characteris- 
tic elements 38 are srranged In ttie container 20. 
and part are arranged outside of ttte container 20. 

The outside end of ttie insulation tube 202 Is 
closed and a ground electrode 206 Is mounted 
tttere. The ground electrode 206 is in oontact witti 
ttie characteristic elements 38, and it is provided 
wHh a ground tennlnal 208 which is selectively 
connected to ground. 

The inner end of ttie stacked characteristic 
elements 38 Is connected witti a spring 210 to an 
electrode 212 In ttie container 20. 

The electrode 210 is connected to ttie cable 
head 24 in the container 20. 



The voHage apportionment ratio characteristic 
of tills embodiment is shown in Rg. 10. Height or 
distance is taken along ttie horizontal aods and ttie 
voltage apportionment ratio is taken along ttie veril- 

5 cal axis In ttils figure. Hs denotes ttie cBstance of 
ttie electrode 212 from tiie wall of ttie container 20. 
and H10 denotes ttie distance of ttie ground elec- 
trode 206 from ttie wall of ttie container 20. as 
shown In Rg. 8. 

10 Th.e voHage apportionment characteristics in 
ttie Insulation gas 26 and In ttie characteristic ele- 
ments 38. shown as Ones A and B in Rg. 10, are 
almllar to ttiose of tiie first and second embodi- 
ments. 

76 The voltage apportionment characteristics in 
ttie characteristic elements 38 shown as line B Is 
linear despite of ttie fact ttiat some of ttie char- 
acteristic elements 38 project outside the container 
20. This can be explained wttti reference to an 

30 equivalent circuit diagram ahown In Rg. 11. The 
electroslBtfc capacHances Cw,C; of ttie character- 
lstfc elements 38 themaelvas are much larger than 
ttie stray etodroetsflc capacitance C. which exists 
between each characteristic element and the 

as ground. Therefore, ttie voltage apportionment ratio 
is determined by ttie electrostatic capacitances 
Ci.».,Ca of ttie characteristic elements tiiemseh^es. 
This is as explained vritfi refierence to ttie first and 
second embodiments. 

so The benefits (1) and (2) of ttie first embodiment 
described above are obtained by ttie ttiird embodi- 
ment also. 

The friregoing deacripflon has been set fbrih 
merely to illustrate prsferred embodiments of ttie 

as Invention and Is not Intended to be Qmiting. Since 
modification off the described embodiments incor- 
porating ttie ^jirit and substance of ttie invention 
may occur to persons skilled In ttie art, ttie scope 
of ttie invention should be limited solely with re- 

40 spect to ttie appended claims and equivalents. 



Clalma 

45 1, An arrester for discharging electricity from 
an electrode in a oontalner filled wHh electric in- 
sulation fluid when an excessive voltage Is imposed 
on the electrode, the arrester comprising: 
a characteristic member for discharging electricity 

60 only when a voltage higher ttian a predetemiined 
value is imposed; 

an insulation tube made of electrically insulating 
material fbr enclosing ttie characteristic member, 
ttie tube so arranged ttiat a first part of tfie char^ 
66 acteristic member Is Inserted in ttie container and a 
second part of ttie characteristic member projects 
outside of ttie container; 

means for ekwfrically connecting ttie first part of 
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the charactBristIc member contained wHhIn the 
container to the electrode; and 
means positioned entirely outside of the container 
fbr selectively electrically connecUng and dlscon- 
necttng the second part of the characteristic mem- a 
bBT located outside of the container with a ground 
voltage located outside of the container level. 

2. An arrester according to daim 1, wherein the 
Insulafa'cn tube has an insulation sidit of electrically 
insulating material enclosing at least part of the ro 
means for connecting and disconnecting. 

3. An anester according to daim 1, wherein the 
Insulation tube comprises an inner insulation tube 
of insulating material enclosing the diaraderlstlc 
member, and an outer insulation tube of insulating ra 
material enclosing the Inner Insulation tube so as 

that the inner insulation tube can be removed from 
the outer insulation tube. 

4. An arrester according to daim 1. wherein 

said insulation tube is fixedly secured to said con- 20 
talner for sealing safal insulation fluid wKhln said 
container. 
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